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™" The Natiomal Interim Primary Drinking Water Regulacions published
herein were promulgated on December 24, 1975, in accordance with

© the provisions of the Safe Drinking Water Act (Public Law 93-523).

Addiziomal Interim Primary Regulatious for radicaceivity in drimk-
ing water vere promulgated on July 9. 1976. These regulations

*=become effactive on June 24, 1977, and become in essance the
standards by which all public drimking water suoplies are judged.
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DRINKING WATER RECGULATIONS

APPENDIX IV
Dosimetric Calculations for Man-Made Radioactivity
:L Caleulations Based on NBS Handbook 69

The dose rate from radioactivity in Jdrinking water is calculated an the
basis of a 2 liter daily® intake. Except for tritium and stromtium.90, see be-
low, the concentrations of man-narde rudionuclides causing 4 millirem per
year have heen calculated using the data in NBS Handbook 69 (1) and
are tabuiated in Table IV-2A and IV-28. The dose muodels used in preparing
Handbook 69 are outlined in reference 2. Maximum Contaminant Levels are
defined in terms of the annual dose equivalent to the total body or any in-
ternal organ. Handbook 69 lists the critical organ for each radionuclide.
Often the total body is listed as the critical organ. The 168 hour maximum
permissible concentrations for ingestion in Handbook 69 are not calculsted
on the basis of the same annual dose to each critical organ as in the Interim
Regulationa, rather different organ doses are permitted by occupational ra-
diation protection limits (QRL), Table IV.l
Tamtx [V-1. Occupational Radiation Limits

{ORL)
tiritical Organ OHL éroms)
Tutal body 3
Gonady 3
Thyroid 30
Bone 391 cai
Other (Oreans 15

[2) Based un the alpha ~nercy deposited in Sone by .1 wCh ool radium 226,

The maximum permissible concentrativns for a 168 hour week, MPC, in
Handbook 69, assume ingestion at 2.2 liters per day aud are in units of uCi
per cc. The various numerical factors can be combined to find C,, the con-
centration causing 4 mrem per year from 2 liters daily ingestion of drink-
ing water as follows:

Cy = 14x106x MPC..... pCi per liter
ORL

Critical organs are identified by boldface type in Handbook G9 so that an

appropriate ORL can be selected from Table IV-1.

To illustrate, 2 sampie caiculation, taken from puge 24 of Handbook 69
is given:

*The receat ICRP publication #22, “Report of the Task Croup oa Refersnce Man,”
(3) gives the total daily water intake as 3 liters, .95 liters by ffuid intake; the. hal-
ance by food and food axidation. Almost all of the fuid intake is from tap water snd
water based drinks (Page 360).
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APPENDIX B—RADIONUCLIDES

Radionaclide .
Beryllium-7 =~ MPC (168 houra) = 0.02 uCi/cm3
Listed critical orgun GI{LLI) gastrointestional tract
: . . (lower lurge intestine)
. ' X A
Ci=44x10* x —1%2- -‘-"l—'— = 5807 pli/!

‘ = 6000 pCi/1
Rounding is appropriate since the values in Handbaok 69 are given to one
significant figure.

Calculntion of the dose resulting from the ingestion of drinking water
containing a known mixture of radionuclides is straightforward, Let A,
B, . . . be the concentrations, in pCi per liter, of isatopes 2, b, . . . in the
water and let CiA (X) be the average annual concentrations of isotope A
yielding 4 millirem per year to organ X, C,® (X) the same quantity for B,
ete. The total annual dose to organ X in one year is, then

A B oype
[-C."‘_(XT 4= m-‘ + ...] x 4 miilirem

Therefore, the 4 millirem limit is not exceeded if

[——-——A +oe L } < 10
Cir {(X) Cot X

It shouid be noted that although limits for the various radionuclides may
be based on different critical organs, the resultant duse is additive with
respect to a specific organ when lhe total body. is the designated critical
organ for one of the radionuclides. For example. consider Jdrinking water
which has on an annual basis a strontium-#) concentration of 4 pCi/l and
a tritium concentration of 15,000 pCi,/l. The annual duse to bone marrow
from the strontium.90 is 2 mrem. The total body dose {rom the !ritium ia
3 mrem annually. Even though the annual coneentration of each contarninant
alone is permissible, the total dose to bone marrow is 3 mrem annually and
therefore the MCL is exceeded, Tabular values for C; for photon and beta
emitters are listed in Table IV-2A and [V-2B below.

B. The Dose from Trittum and Strontium-90 in Drinking Water

For the majority of radionuclides, the models given in Handbuook 69 Lo
estimate doses to occupationaily cxposed workers ure alse appropriate for
environmental contaminants. They are not, however, appropriate for ail
map-made radionuclides, particularly tritium and strontium.%0, Concen-
trations yielding 4 miilirem annually for these radinnuclides are given in
Table A of the Interim Regulationa and listed in Table [V-2A.

Some radionuclides are inotopes of elements which are inenrporated into
organic molecules within the hody o that the single exponentinl exerution
models assumed in the development of Handhook 69 underestimate the
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dose, An example is tritium where two or three exponentials may be needed
to desceibe the dosc-time relalionship of ingested tritium (4). Some in-
veatigators have cstimated that following chronic ingestion orgunically
bound tritium may increasm: the dose by u factor of 14 to 1.5 over that
perdivted by Handhaok 69 (5). Such estimales are too high because or-
ganicaily bound tritium irradistes the total body nimss, and not just the
mass of body water, as assumed it moded usedd in Handbook 69 (2),

Consideration of the daily intake of hydrogen and watsr shows that the
tritium concentration (specific activity) in any organ is no greater than
120% of the tritium concentration in body water. The concentration of
tritium in body water following chronic ingestion is T/3 where T is daily
intake of tritium in pCi and the total water intake, including that in food,
is 3 liters per day (3). Water content by weight of any organ does not
exceed 80 percent (4). Therefore, equilibrium concentration of tritium in
any organ due to its water content, can not exceed 0.8 T/3 = 267 T pCi/kg.

Because of organically bound hydrogen an organ’s hydrogen (and
tritium) content is greater than that due to water alone, The daily hvdrogen
intake is .35.kg per day (3) and, since no organ contains more than 11
percent hydrogen by weight (&), the maximum tritium concentration in
any orgaun following chronie ingestion is .11 T35 = 31t T pli kg The
specific activity of tritium in any oruan Jue to bound and unbound hy-
drogen exeeeds that due to its water content alune by the ratie 3147267 =
.18, Therefore, the dose to any orgun due to orgunically bouad tritium
excerds the dose to bady water, given in Handbook 09, by no more than
about twenty percent.

The Agency is aware that the ICRP is developing aew tritium dose
models more suitable for environmental sources of tritium exposure than
the model used in Handbook 69. Until these models are published and rec.
ommended by the Agency, the maximum contaminant level for tritium is
calculated on the basis of 80 percent of the value calculated using NBS

Handbook 69.* For tritivm in dripking. water:

Co=08x44%10°x 202 = 21,120 pCi/!

= 20,000 pCi/!

The maximum contaminant level for strontium-20 in the Interim Regula-
tions is based on the dose model used by the Federal Radiatinn Council
(FRC) to predict the dose to bene marrow (6). According to the FRC
model a continuous daily intake of 200 pCi per day of strontivm-90 will
result in a body burden of 30 pCi per gram of calcium in boue, The annual

L]

*nb. In sccordance with current guidance to Federal agencies, a quality factor of

1.7, as in Handbook 69, is used in this calculation.
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APPENDIX B—RADIONUCLIDES

dose rale to hone marrow fram this body burden wouid be 50 mrem per
year (7). Therefore, continuous ingrstion uf 16 pCi per day would resalt
in 4 mrem per year, the limit for man-made radionuclides in drinking water,
For two liters ingestion of water per doy:

16 pCi . —
C=-- !;Q--=89Ct/l S, 22
C. Concentrations yividing an Annunl Dose of & Millirem

Tables 1V.2A and 1V-288 give (., the annual average concentrations for

man-made radionuclides which are assumed 1o yield an annual dose of 4

millirem to the indicated organ. Table IV-2A comprises those nuclides
having hali.lives greater than one day. Tabie 1V-2B contains shorter half-
life radionuclides not expected to appear in drinking water supplies. In-
gestion at a rate of 2.0 liters per day is assumed. The vaiues shown were
calculated from the Maximum Permissible Concentrations listed in Hand.
bock 69 (1) as outlined above.

Tamex IV-2A. Annual Average Comcentragons Yielding 4 Millirent per Year for a Two

{ Hadf-life greater than 24 hours)

Radionuciide Critical Organ C.
(pCi/
Tritum Tutai Body 20,000
4Be Gl {LLD 6,000
w14 Fag 2.000
11Ng2™ Totul iy 400
lapaz Racenes 30
Wigas Praiin 00
tICpse Totni Hlllly 7
g3 Rane 10
20Ca47 Bone 80
21348 GL fLLD 1,000
S18edT Gl (LLD 300
1548 GI' (LLD 30
DBy4s GI (LLD 9%
HCiL GI (LLD) 6.000
Shpa2 Gl (LLI} 20
BIMpdé GI (LLD 300
WFSs Spleen 2000
AFeSR Gl (LLD 2
AT Gl (LLD 1,000
STCoi8 GI (LLI) 2,000
TG00 _ GI (LLD) 100
BNjse Bone 300
By Fi Bode 50
Wnss Liver 300
PG GI (LLD 6,000
A4 Gl (L 1,000
ITALTE Gl (LLD 100
RS Gi (LLD ' 50
AL GI (LLI) 200
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35B.82
TR A
ITRBST
36548
38580
RG89
WMGpho
anywo
myuL
10Z:08
Y76
1N Ro3
+1NH?3
1290
$3T08
ST ™
43T 07
ST
HRLM?
4R, 103
MR it

ST

pgos
MpPl0n
11308
4T gitom
WAgiU
L st
1B J113m
Bedus

il
WGq 113
MGy 13
s1gpiee
s1gp12t
a1gpIns
32T.125m
52T lz7m
$2Tpi27
$2Tei20m
A2Tel20
50T i3
ELy YL
safizs
53[120

L YeTy
58,131
80,134
380,173
887,138
503137
E ey

Kidaey

Gl (LLD
Tutal Buly
Pancreas
GL (51)
Bune

Bone Murrow (FRC()
Bune Muarrow (FRU)
t:1 (LLD
i (LLD
Gy
1 (LLD
Gy
GHLLD
Kidney
GLLLD
GHLLD
GItLLD
GHLLD
GULLLD
GULLD
GiiLLLI}
GhLLD
GleLLDy
G LLD
GILLD
G LLh
GlLLLD
GitLLDy
GlLeLLD
il
LoD
GhLLD
Glelplt
GULLD
GUHLLD
GuLlh
Kidiney
Kidney
GULLD
GLeLLD
M)
GILLD
GiiLLD
Thyroid
Thyroid
Thyroid
Totut Doy
GI{S)
Total Body
Tutai By
Tatal By
GI{LLD
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Uy lee Gl{LLD)
2 TL,i40 IHIERE} ol
. HCaidl GCluLidy 300
H MCald3 Glilln 100
s prids GULLL 160
N SiPmie GHLLD 100
0TS m161 GHLLD Lbao
225188 GI(LLIy 200
cify 152 CULLD 60
HE,184 GI{LLD 200
SIEy 56 GILLLD 600
;4153 GI{LLI) 600
e¥ThH180 GI4LLID) o0
4Dyl08 GLILLY 100
STHol%e GI{LLY 9%
S8ErI1%0 GI{LLD 00
0Tm170 GULLD 100
. WTmi7L GLiLiDy 1,000
Ry 10YH178 CHLLD 300
. L7t GHLLD 300
o T2REEINe GuitaD 200
T a2 Gl 160
oy TN IRTIPET) 1,000
T4 HHa GlilLh 300
™ TSR pieS Glitlh 2.000
18R 4188 GiLLD 300
[l R8T Gl 9,000
g 183 GliiLh 200
£ T0sl01 GI{LLD &00
150193 GULLD 00
- e CI(LLD 600
o TIpi0Z Gl LLD 100
~ RPN GiLLD 300
Bppivam GIILLD 3,000
—— T8Pi93 Kidney 3,000
TBPI0T GUILED 100
o p DAy i0e GItLLD 600
o ™4 gite GULLD 100
atjeos GILLD 200
o B2ph0s GUILLD 1.000
333208 GILLD L)
sig;zo7 GHLLD 2000
nipgda GHLLD 2}
Tase [V .28
Anaual Average Concentrations Yielding + Millicem
per Year for a Twa Liter Daily Inteke
{ Hajl-life [ess than 24 hoyrs)

Radionuclide Critical Qrgon “,
il
aF18 GI(sDH 2,000
gt GI(S} 3.000
118 G1(5} 1,000

187 '

A4

9 .

POy




DRINKING WATER HREGULATIONS

1942
25Mns8
270y
N85
29064
s0zq80m
20709
1GeT2
Ja5 a0
38501
385,02
9yn=
syvz
wyLs
10791
HINBIT
43T (00
aTco0m
HR Q109
+BRp 103
gllam
10gilém
i9fpl1em
saptas
sapa:
337134
557133
S8(gidim
SOpries
SONJ149
gy 132
S4G 160
58y 106
ARpITL
48T
TIReIN
Ta0gtorm
THee
BpyIeT
arTizon

CUS)
GULLD
GhiLLil
GI{LLL)
GULLD
GHLLD
G
CILLLLD
Total Boily
GlLLD
G BLD
GHsh
GULULILD
G LLY
GHLLD
GHULD
GUILLD
Gl (ULD
GI{ULD)
GlLS)
G UL
GHLLD
GOULD
Thyroid
Thyrind
Thyroid
Thyroid
Tutal Bady
GI{LLD
CILLL
GLLLD
GLULLD
GLLLD
[(RERVINE!
Glrblh
G LLD
GLiLLh
GIeLLD
GHEULD
GIILLE)
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